World War will remember the confusion surrounding the subject of hypertension and its relationship to kidney disease and arteriosclerosis. Richard Bright (/j) had sought a reason for the hypertrophy of the heart which he found in so many of his patients with albuminous urine and diseased kidneys. He suspected an altered quality of the blood or an increase in the peripheral resistance. The celebrated paper by Gull and Sutton { §3) in 187a on "Arteriocapillary Fibrosis" called attention to "the morbid change in the arterioles and capillaries as the primary and essential condition of the morbid state called chronic Bright's disease with contracted kidneys". Clinical sphygmomanometry (Von Basch 113) enabled Allbutt (j) in England, Huchard (68) in France and a little later Janeway (yd) in America to make some noteworthy advances in the understanding of "non-renal" hypertension. Prior to their observations it was thought that arteriosclerosis was responsible for hypertension and that such patients would die of chronic kidney disease. Allbutt, especially, called attention to a large group of individuals in whom hypertension existed without any evidence of kidney dis-• The term "hypertension" in this article refers to essential hypertension. ** [Department of Medicine, Temple University Medical School, Philadelphia, Pa.] ease, and this process, widespread in the civilized world, has come to be known as essential hypertension.
There is little need to emphasize the importance of hypertension. According to the statistics of the Metropolitan Life Insurance Company (32) every other individual in the United States past the age of 50 years dies of cardiovascular-renal disease. From other sources {38) we have evidence that probably half of these deaths are due to essential hypertension, that is, that almost one-quarter of all people past the age of 50 years die of the effects of hypertension on one or another of the vital organs. Thus essential hypertension becomes the gravest problem of middle adult life, not even excepting cancer {61).
America is rapidly becoming populated by people of advancing years. For example, in 1900 it was estimated that 20 per cent of the population fell in the age group 40-60, while in 1950 it is estimated that 30 per cent of the population will fall into this age group. This is the period when hypertension is most likely to manifest itself and to become the most important factor in the development of heart, blood vessel and kidney disease.
Hypertension enters into another important aspect of public health. It is only necessary to recognize "that the social consequences of chronic disease are masked in unemployment and de-pendency" to realize that this is so {go). Since so much chronic disabling disease is found in the population on relief and since hypertension is one of the most important factors in the determination of this increasing chronic disability, hypertension is in reality a most important contributing factor to this undeveloped aspect of social security.
PATHOGENESIS
Race and Climate: Hypertension is a disorder largely confined to occidental civilization. There is a good deal of evidence to support this. Thus studies of African natives (jo), the Chinese (56), Buddhist priests in Ceylon (5^), and Egyptians of the laboring classes {69), all indicate that "hypertension is very rare among these peoples. In this connection it also seems important that the blood pressure of foreigners living in China (^/) and the tropics (97) are lower than when they are living in a temperate zone. Related to these questions come the important observations of Schulze and Schwab (/o/) who found the incidence of hypertension in the American southern negro two and a half times greater than that of the southern white. They and their associates {102) also showed that the tendency to hypertension, as determined by the Hines and Brown {6f) ice water test, exists to a greater degree in the American southern negro. This bears on the question of heredity because it is acknowledged that the ancestors of these negroes could not have had hypertension since the negroes in Africa do not have it now. Thus it would seem that the American southern negro in his contact with our civilization over a period of 200 years must have acquired hypertension to an even greater degree than the white American. It is also interesting to know that hypertension runs a more severe course in the negro (Metropolitan Life Insurance statistics, J.?). So that we are presented at the outset of our discussion of constitutional and hereditary factors in the pathogenesis of hypertension with this extraordinary fact.
Constitution and Heredity:
A review of recent progress in the pathogenesis of hypertension has been made easier by a comprehensive study by Sodeman {106) from which I shall take the liberty of quoting freely.
"Carefully controlled studies indicate that, in patients with essential hypertension, the familial incidence of vascular disease far exceeds that of patients suffering from other complaints. Family after family is reported with definite hereditary trends. Aymanmade a direct study of the blood pressure in 1524 persons in 277 families. A tendency toward elevated blood pressure early in life was found in hypertensive families, a finding which was largely absent in members of normal families . . . Weitz tried to circumvent the difficulties of following many generations through the often inaccurate histories of the patient by studying the collateral family groups. These individuals were living and could be submitted to examination . Omitting the details of his analysis, his conclusions, that the predisposition to essential hypertension behaves in the majority of cases as a Mendelian dominant, might be quoted here. Ayman has described a personality type, both emotionally and physically hyperactive, not only in the patient with established hypertension, but also in certain of their children with mildly elevated blood-pressure readings. These findings he interprets to indicate the hereditary nature of the personality as well as of the blood pressure.
"Studies of identical twins subjected to the opposing strains of widely di-vergent environmental factors confirm the above conclusions. Vascular reactions may be so similar in identical twins that capillary microscopy may be used as a means of establishing the diagnosis of their relationship".
Recent studies by Pearl (89) show a definite hereditary influence affecting the constitution of individuals with cardiovascular-renal disease. Hines {67) found a family history of hypertensive cardiovascular disease five times as frequent among persons who have hypertension or who are hyperreactors to a standard stimulus test (cold pressor test) as it is among persons who react normally to the test. In the study of twins and family groups he found that the type of reaction and blood-pressure test followed an inherited pattern. He concluded that it is probable that the trait is inherited as a dominant characteristic and that the hereditary factor plays an important role in the development of essential hypertension.
PERIPHERAL RESISTANCE
Before considering the vasospastic factors in the environment that apparently act to precipitate hypertension let us refer to the part played by the vegetative nervous system. Medical lag required almost 25 years for the gradual acceptance of the idea that arteriolosclerosis is not the cause of hypertension but "that it is the result. Hypertension persists and finally a dif fuse hyperplastic sclerosis of the ar terioles follows. 1 This clinical concept of a vasospastic disorder finally gained headway however and the question then became what is responsible for the vasospasm that precedes the vascular disease. Here we come upon the question of the importance of the vege-tative nervous system but first we must cite evidence for the presence of vasospasm. This is the factor that is held responsible for the increased peripheral resistance suspected by Richard Bright and still to-day the center of the controversy concerning the cause of essential hypertension. It has been generally acknowledged "that viscosity, blood volume and cardiac output do not differ significantly from normal in hypertension but that a distinct and marked increase in peripheral resistance especially in the arterioles is an invariable finding" (Sodeman 106).
Nowhere can vasospasm be better seen than in the eye-grounds in hypertensive subjects. The most pronounced vasospasm is often seen in the so-called malignant hypertension {72) and in eclampsia {48, 55, 60, 114) in both of which states the blood pressure may be very high and followed by serious consequences to the cardiovascular renal system. Herrick's (63, 64) observations concerning the enormous incidence of hypertensive-vascular disease and chronic nephritis following the toxemia of pregnancy are of interest in this connection. In passing it may also be remarked that ophthalmoscopy has kept pace with other advances in the study of hypertensive-vascular disease and represents an integral part of the study of such patients. The ophthalmoscope is just as valuable an instrument in the study of the patient with hypertension, including eclampsia, as renal functional tests are to the patient with nephritis.
Sodeman {106) discusses the nature of peripheral resistance in hypertension in the following way.
"The control of peripheral resistance (arteriolar tone) in diastolic hypertension could be moderated through at Prinzmetal and Wilson attacked the problem by the use of an apparatus to measure blood flow through the extremity. They first investigated the widespread theory that increased peripheral resistance in the splanchnic area alone was responsible for elevated arterial tension. If this were so, the normal cardiac output should produce a greater blood flow through the periphery in the hypertensive individual than in the normal person. No change in blood flow from the normal was noted in malignant, benign, and secondary hypertension, implying that the increased vascular resistance in hypertension is no greater in the splanchnic area than in the arm. The peripheral resistance is, therefore, generally elevated. This is in keeping with the histologic changes in the arterioles of voluntary muscle.
"Using the same technique, together with the application of heat and reactive hyperemia, these same authors were able to show that the vessels of hypertensive individuals were capable of dilatation and that the increased peripheral resistance is due to a generalized vascular hypertonus and not to primary changes in the blood-vessels.
"Having established the presence of generalized vascular spasm, these observers were concerned with the possible mechanisms of its production, as stated above. Three possibilities were obvious, nervous control through the vasomotor nerves, a local fault, or a chemical or hormonal influence. Their approach was directly upon the nervous theory because of the known influences of the vasomotor nerves on the diameter of arterioles and the level of the blood pressure. They reasoned that if the peripheral resistance in hypertension were dependent upon vasomotor stimulation one could assume that any procedure which would release vasomotor tone in a part would produce a greater blood flow through that part in hypertensives than in normal individuals. Using the same blood-flow technique, they produced vasomotor release by both heat and novocaine injection of nerves. Increases in blood flow under these circumstances were essentially the same in patients with benign, malignant, or secondary hypertension and in normal individuals. The results, then, failed to support the hypothesis of exaggerated vasomotor tone as the cause of hypertension.
"Pickering, working in England independently from Prinzmetal and Wilson, but using similar methods, reached similar conclusions. However, in the determination of the influence of the vasomotor nerves he used a calorimetric method to determine blood flow. The use of the latter technique is all the more important in that it confirms the results of the plethysmographic method that hypertension is not nervous in origin.
"In essential hypertension, the results of these investigations indicate 'that normal vasomotor activity is superimposed on an intrinsic vascular hypertonus which is independent of the vasomotor nerves'. Vasomotor responses may affect the level of the blood pressure to a marked degree but that does.'not prove that the hypertonus of arterial hypertension is vasomotor in origin'. Pickering states that, as the Hines-Brown test shows, the vasomotor nerves remain active in hypertension. There is 'little doubt that vaso-constriction of nervous origin does constitute a considerable fraction of the peripheral resistance in persistent hypertension', as in normal in-dividuals. But he contends further, from the above results, that it does not constitute the abnormal factor responsible for raised arterial pressure. He and Kissen were unable to confirm the Hines-Brown test. They obtained variable results, especially in their elderly control series and in patients with essential hypertension. The average size of the response was approximately the same in elderly subjects with normal blood pressure as in those suffering from essential hypertension.
"As convincing as the above evidence appears in establishing the fundamental nature of essential hypertension, it is not as yet fully accepted . . . To be sure, the mass of evidence in the literature lends credence to the nervous theory. However, as far as Sodeman has been able to determine, it is entirely equivocal. Prinzmetal and Wilson, in their search of the literature, also failed to find conclusive evidence to support the hypothesis of exaggerated vaso-constrictor tone. The marked drop in blood pressure attending spinal anesthesia and anterior root or splanchnic nerve section is, of course, compatible with the neurogenic theory and does indicate the profound influence of the nervous system on the arterioles, but in no wise proves the role of the nervous system as the fundamental cause of essential hypertension. The association of nervous and mental instability, and the relationship of the occurrence of essential hypertension to our complicated civilization are no more convincing. Although the evidence for non-nervous origin of essential hypertension is meager, it is clearcut, to the point, and convincing".
The vasospastic effect of inhalation of tobacco smoke is of special interest from the standpoint of treatment in hypertension and this was made the subject of a preliminary report by Herrell and Cusick (62). They demonstrate the actual photographic results of vasospastic retinal changes caused by the inhalation of tobacco smoke. They consider this a part of generalized vasospasm and are of the opinion that it establishes beyond question the fact that tobacco plays a vasospastic r61e among some individuals. Other evidence of a similar nature has been contributed {8,71, 120).
THE RENAL ORIGIN OF HYPERTENSION
After struggling for 25 years to liberate ourselves from the idea that the kidney was responsible for hypertension we are being led right back to that concept by the experimental work of Goldblatt (#p) and his associates. References to this work are made elsewhere in this symposium and in addition it is now so well known that we can briefly summarize rather than give it the amount of space which its importance deserves. This has been done very recently by Graybiel (5-0 as follows:
"It has been shown repeatedly that renal ischemia, produced by constricting the main renal arteries, as suggested by Goldblatt, will cause arterial hypertension. Experimental constriction of one renal artery results in temporary hypertension, and constriction of both results apparently in permanent hypertension. The amount of constriction determines the degree of hypertension. Thus slight constriction generally results in a benign form, usually without evidence of renal impairment; moderate or severe constriction results in a malignant form, with much renal impairment, and complete occlusion causes little or no rise in blood pressure. Many other methods which reduce the renal function and which have been recently tried do not result in a permanent increase in blood pressure. Constriction of splenic and of femoral vessels has no effect on blood pressure.
"The exact mechanism whereby the kidney produces the rise in blood pressure in experimental hypertension is still unsolved, although it is the immediate result of the narrowing of the arterioles; the blood volume, blood viscosity and cardiac output remain normal. The problem thus appears to be the same as it is in essential hypertension. It was at first thought that the nervous system might play an essential role, with the reflex stimulation coming from the ischemic kidney. However, this does not seem likely since denervation of the kidneys, section of the anterior nerve roots, total sympathectomy and denervation of the heart combined with total sympathectomy do not abolish the hypertension. Furthermore, it has been shown that constriction of the artery of a transplanted kidney, free from any possible nervous connections, leads to an increase in blood pressure.
"The results of Goldblatt's recent experiments, which were given in a preliminary report, suggested that the mechanism of this type of hypertension is primarily humoral and of renal origin. Thus, varying degrees of constriction of both main renal arteries are followed by hypertension while bilateral nephrectomy is not. This difference has been attributed to the absence of a hypothetic effective substance when the kidneys are absent. The constriction or occlusion of both renal arteries, when accompanied by occlusion of the renal veins, is not followed by the development of hypertension. This has been interpreted as being due to interference with the entrance of the hypothetic effective substance into the circulation. When hypertension is produced by constriction of one or both renal arteries, release of the constriction is followed, in a greater or lesser time, by return of the pressure to normal. Excision of the ischemic kidney at the height of the hypertension which follows constriction of one main renal artery is also followed by prompt return of the blood pressure to normal. It is interesting that Houssay, on the basis of transplantation of 'ischemic kidneys', also concluded that the ischemic kidney secretes substances that cause permanent arterial hypertension.
"Goldblatt has also carried out various experiments on the effect of partial and complete adrenalectomy, with and without supportive and substitution therapy, which have indicated that the adrenal cortex, but not the medulla, may play a significant role in this type of hypertension. The manner in which the adrenal cortex acts in this regard is as yet unknown; it may prepare the arteriolar musculature for the action of the hypothetic renal substance, or the reverse may be the case". This is the first convincing demonstration experimentally of a disorder exactly similar to essential hypertension in man. Now the question which interests us •-if we are to compare this process to the problem of human hypertension is this: is essential hypertension in man also due to renal ischemia and if so what is the mechanism ? Perhaps there is some confirmation in recent pathologic studies which find the arteriolesof the kidney involved to a much greater extent than are arterioles throughout the rest of the body, in patients with essential hypertension who have been studied at autopsy. Moreover it is a striking fact that although arteriolar disease occurs in the organs of individuals without hypertension it is almost never found in their kidneys while in hypertensive individuals, in addition to the vascular disease of other organs, the kidneys almost never escape (83) .
The problem is exactly the same as that which disturbed the medical world for so many years concerning the relationship of hypertension and arteriosclerosis except that it has been narrowed down to the kidney. As before stated it first was thought that arteriosclerosis caused hypertension and then finally we concluded that hypertension caused arteriosclerosis (diffuse hyperplastic sclerosis). For a number of years we enjoyed considerable security in this conclusion until the work of Goldblatt, cited above, led us right back to the renal origin of hypertension. And now the studies of Moritz and Oldt (83) raise the old question again-does hypertension result because of a primary renal arteriolosclerosis or is it that the renal arteries are peculiarly vulnerable to the effects of hypertension and hence show such a high incidence of arteriolosclerosis in hypertensive subjects. Moritz and Oldt believe the first and hence feel that their study lends pathological confirmation of Goldblatt's work so far as human hypertension is concerned.
Clinical confirmation also comes from the work of Homer Smith, Goldring (18, 103, 104) and their associates who employed diodrast, phenol red, and inulin clearances to determine renal blood flow in normal and hypertensive human subjects. They apparently demonstrate that there is a diminished renal blood flow in hypertensive subjects despite normal renal function. Furthermore the renal blood flow appears to be controlled predominantly by the efferent glomerular arterioles. This is commented upon elsewhere.
Finally some evidence for the renal origin of hypertension in man comes from a few cases {/2 S 16, 44, 76) that have now been reported in which unilateral renal disease seems to have been responsible for hypertension at least the hypertension has promptly disappeared when the diseased kidney has been removed.
PRESSOR SUBSTANCES
Volhard (///, 112) has long championed the idea of a circulating chemical or hormone as the cause of hypertension. He applied his theory to the concept of "pale" hypertension as distinguished from "red" (essential) hypertension. For many years he preached that the kidney was the central problem in hypertension but it was only with the convincing demonstration by Goldblatt that interest was revived in pressor substances in hypertension.
"Bohn confirmed the presence of a pressor substance in the blood of the 'pale' hypertensive, with negative results in the 'red' variety, as well as in normal individuals. Aitken and Wilson were unable to confirm the results of Bohn and ended in a criticism of his methods and results. Capps and his associates agree with Aitken and Wilson. Most of these experiments on circulating pressor substances have been carried out either by the introduction of extracts of the blood of affected individuals into animals and into animal preparations for physiologic tests for known pressor bodies, such as adrenalin and pituitrin, or by the transfusion to normal individuals or animals of the blood of hypertensive subjects. The results are confusing and often contradictory" (Sodeman 106).
Renin: More significant observations regarding a pressor substance of renal origin have recently appeared. Tigerstedt and Bergmann (/op) were the first to demonstrate in the normal kidney the presence of a pressor substance which they called renin. Their observations were confirmed and extended by other investigators (10, 59, 6$) who found that the pressor principle is thermolabile, is protein-like in nature, is limited to the renal cortex, and acts, over a prolonged time interval, either on blood vessels directly, or by way of the vasomotor nerves. A recent discussion of pressor substance in the cortex of the kidney by Friedman, Abramson and Marx (47) referred to the fact that extracts prepared from the ischemic kidneys of animals (with obstructed arterial blood flow to the kidneys) contained greater concentrations of pressor substances than the extracts of kidneys from control animals (57, pj). Adopting a method of preparing the extract suggested by Harrison, Blalock, Mason and Williams (58) the authors attempted to investigate further the nature, mode and site of action of this substance. Their studies indicate that it has a local pressor effect upon the blood vessel itself. They call attention to the previous conclusion that the elevation of blood pressure both in hypertensive patients and in dogs with experimental hypertension following renal ischemia is caused by an increase in the peripheral resistance resulting from a generalized arteriolar hypertonus (-£5, <)4). According to this work the increased arteriolar tonus is not mediated by way of the sympathetic nervous system either in the experimental animal or in man. Hence the evidence is in favor of a chemical stimulus of renal origin, exerting a generalized pressor effect on the blood vessels, and being independent of the central nervous system. The renal pressor substance which the authors investigated appears to possess the properties compatible with and lending support to this view. Pickering and Prinzmetal (p/) find a pressor substance in the cortex of many normal mammals which is not present in other tissues, which is not due to tissue autolysis or bacterial action and tests of which on unanaesthetized rabbits produced pressor effects. Merrill 
This last interesting observation is in accord with the experiments on hypertensive man performed by Homer Smith, Goldring and associates, previously mentioned, whose observations also indicate that it may be the constrictor action of the efferent glomerular vessel which leads to diminished renal blood flow (/<?, IOJ, 104). All of our previous thinking has incriminated the afferent glomerular vessels.
Landis, Montgomery and Sparkman (75) present evidence that of many pressor substances studied, kidney extract, and protein-like material precipitated from such extracts, were the only ones which elevated blood pressure without decreasing peripheral blood flow, a relationship which is also characteristic of certain forms of human hypertension.
ENDOCRINE GLANDS AND HYPERTENSION
In the vast majority of individuals with essential hypertension neither clinical nor post-mortem examination reveals any evidence of disease of the endocrine glands. However, a number of instances have been reported in which an endocrine origin seems certain as in cases of suprarenal tumor or basophilic adenoma of the pituitary. Even here we do not know whether it is the primarily involved endocrine gland or another gland of internal secretion which is reciprocally related that causes the hypertension. Nor do we have definite knowledge as to how the disturbance in internal secretion brings about the hypertension.
Adrenals: It was long ago suggested (Vaquez (no)) that increased secretion of epinephrine was responsible for hypertension. He had observed the frequent coincidence of suprarenal hyperplasia and hypertension. There has been a great deal of discussion concerning this question but it was recently summarized by Rogoff and Marcus (98) who conclude that "existing experimental and clinical evidence is inadequate to support the view that epinephrine secretion is an important factor in the etiology and pathology of chronic hypertension". It is for this reason that they object to operations upon the adrenal glands in ordinary instances of hypertension. They also feel, and this question will be discussed later, that the same thing holds true for the hypophysis, that is, that there is no basis for intervention at the hypophysis in the treatment of hypertension. They refer to an editorial from the Journal of the American Medical Association (jf) which states that "the therapeutic hazard in a disorder should not exceed the disease hazard". Many instances have been described of adrenal tumors in association with hypertension. Labbe,Tinel and Doumer (J4) reported a case of paroxysmal hypertension in association with a suprarenal tumor. This was proved by necropsy. Oppenheimer menopause. Marked disturbances in vasomotor regulation of course occur at the menopause and it is entirely possible that the climacteric fluctuations in blood pressure are closely related to these disturbances. The supposed reduction of hypertension at the menopause due to theelin therapy {rod) suggest studies of hormone excretion in hypertensive patients. Kylin (73) demonstrated a remarkable parallelism between the amount of gonadotropic principle excreted in the urine and the height of the blood pressure. But Scarf and Israel (99) were unable to confirm these findings.
SUMMARY OF PATHOGENESIS
A consideration of the material just presented indicates that hypertension is a constitutional disorder in which both hereditary and environmental (vasospastic) factors are important.
In an attempt to assign a proper relationship to the three systems of the body and to the various factors that play a part in the pathogenesis of hypertension a scheme has been constructed as shown in the accompanying diagram. This makes an effort to indicate the relative importance of constitutional and hereditary factors-which make up the base of the pyramidwith regard to the interrelated systems of the body that have to do with hypertension-shown as the sides of the pyramid. These systems are then shown as triangles with the sides of the triangles representing interrelated factors.
Material concerning the role of the psyche in the pathogenesis of hypertension has been reserved for the section on treatment where both considerations can be presented together. that its hypotensive effect is closely associated with a toxic effect. For this reason he held its use impracticable. A little later Barker (9) reported satisfactory results in the control of the blood pressure level without toxic effects by maintaining blood cyanate levels of 8-12 mg. per 100 cubic centimeters. He reported that toxicity begins to appear when the blood level reaches 15-30 mg. "The cyanates may reach hazardous concentrations very quickly in some individuals, so that the administration of the thiocyanates is believed to be dangerous unless controlled by close observation and blood cyanate determinations". Griffith and Lindauer (52) also obtained satisfactory results in a small group of patients by controlling the blood level of cyanates and devised a new micromethod for the determination of the blood level. Apparently, as with surgery, the thiocyanates act best in those cases in which vasospasm rather than arteriolosclerosis is the predominant feature of the clinical picture. This question will be discussed in connection with the surgical management of hypertension. It would seem that if the only object in the treatment of hypertension is to lower the blood pressure level thiocyanates will accomplish it in some patients. Just how it does so has not been determined. Suggestions have been made that it is by an effect on the blood viscosity although the general opinion is that viscosity levels in hypertension do not differ significantly from normal (14) .
Surgery: Again and again we read in papers dealing with the surgical treatment of hypertension that "since the medical treatment of hypertension has failed surgery is justified". I question the failure of medical treatment; our attitude here will depend upon our objective. This will be discussed in the next section.
The writing of this section has been facilitated by a comprehensive review by Martin (78) , just published. He cites the early work which formed the basis for a rapidly growing interest in the surgical treatment of hypertension. Recent trends in America and abroad may be classified under three types of operation: rhizotomy, adrenalectomy and sympathectomy.
At first interested in rhizotomy, the Mayo group (/, 5, /o) Adson, Craig and others, now perform subdiaphragmatic, extraperitoneal bilateral resection of the splanchnic nerves and a removal of the upper two lumbar ganglia with the intervening chain.
This procedure, they believe, completely denervates the splanchnic vessels, the adrenal glands, and the kidneys. The Mayo group are still impressed by the hypersensitivity of the vasomotor mechanism in hypertensive people and the purpose of their operation, therefore, is "to dilate the splanchnic vessels, to decrease the liberation of epinephrine and to increase the renal blood supply". They have been concerned especially with the problem of the proper selection of cases for surgical care and have instituted hourly blood pressure readings for 24 hours with the patient at bed rest; have noted the effects of sodium pen to thai given intravenously, and of sodium amytal and sodium nitrate given orally; and have studied the effects of spinal anaesthesia and the administration of avertin. If the blood pressure decreases to normal or nearly normal as a result of all these measures, the patient may be considered a satisfactory candidate for operation. Sequelae of their operation may be the loss of sweating on the feet and lower legs, permanent increase of the skin temperature on the lower extremities, paralysis of the ejaculatory powers due to weakness of the muscles of the urogenital trigone, and sterility in the male without loss of the libido. There is no alteration in menstruation or in childbearing function, and no sphincteric disturbance occurs in either sex. "In general, about 70 per cent of the entire group of patients were benefited clinically" (20) . Allen and Adson (4) recently attempted to answer some current objections to the surgical treatment of hypertension. They are not convinced that essential hypertension in man is the counterpart of the experimental hypertension produced in animals by renal ischemia. Nor are they prepared to accept the evidence cited by Prinzmetal and Wilson con-cerning the relative insignificance of vasomotor control in hypertension. Replying to some of the objections raised in a critical paper by Soma Weiss (///) they feel that there is no clinical evidence to indicate that those parts of the body not influenced directly by sympathectomy, as the heart and brain, may suffer a diminished blood flow after sphanchnic dilation. They realize that surgical results have not yet withstood the test of adequate time but they have been sufficiently encouraged to insist that the surgical treatment of hypertension deserves unbiased consideration and further trial.
Splanchnic nerve resection was first suggested in 1923 by Danielopolu (28) . The two largest American series are those of Peet (42, 4.3, 46 ) and the Mayo Clinic. Peet was the first to do a bilateral intrathoracic resection of the splanchnic nerves for hypertension and the series from his clinic now totals more than 400 cases. He is greatly impressed by Goldblatt's work and believes that results in his human cases have been due to the fact that sympathectomy removes the "nervous clamp" from the renal vessels.
A comparison of the results of section of the anterior spinal nerve roots with sympathectomy (Peet's technique) has recently been published by Page (86) who has worked with Heuer at the New York Hospital. Twenty patients were subjected to section of the anterior spinal nerve roots and nine cases to resection of the splanchnic nerve and the lower thoracic ganglions. He states that while resection of the splanchnic nerves produces many of the effects that are observed after section of the anterior roots, they are often more transient. However, from the point of view of technical ease and lack of dangerous complications it is to be preferred. Page thinks that surgery in the treatment of hypertension is still in the experimental stage. In the series of 20 patients upon whom the section of the anterior spinal nerve roots was performed serious accidents occurred in 3; one patient died shortly after closure of the dura; another died from streptococcic meningitis; and a third patient developed transverse myelitis. Page feels that two of these accidents could probably have been avoided while the third, transverse myelitis, still remains a serious hazard.
Crile has been one of the most enthusiastic supporters of the surgical treatment of hypertension. His operation is a bilateral celiac ganglionectomy the results of which in 233 cases he has recently summarized in a book on the subject (21) . The mortality rate of the operation itself "when thoroughly mastered" is 2.8 per cent. He finds the blood pressure to be reduced to normal in 17 per cent, 12 months after the operation, and partial or complete symptomatic relief in 87 per cent of the cases.
On the assumption (evidence against which has just previously been cited) that hypertension is the result of overactivity of the adrenal glands, the partial removal of the normal organs has been practiced especially by various foreign surgeons, mainly French (77) . Fortunately the procedure has not been practiced extensively in America (29) as there is no experimental evidence to support it and an occasional evil result of surgical intervention has been reported {37, 105). Adrenalectomies, adrenals denervations and the application of x-rays over the pituitary and adrenal areas (22) seem to me unwise tampering with vital tissues.
Very recently Goldblatt made some observations on the surgical treatment of hypertension {50). He states "it is also noteworthy that only the originators of each operation have been enthusiastic about the beneficial effects of their operation and have reported poor success or failure with other methods. As in the case of other methods of treatment, factors other than the level of the blood pressure, such as disappearance of headache, and other subjective symptoms have been used in the evaluation of the effect of the treatment. The unreliability of such criteria need not be stressed. It is a striking fact that no matter what the type of surgical operation on the nervous system, the percentage of cases in which a significant lowering of the blood pressure has been reported is about the same for all. After all the operations the percentage of cases in which there is a return of the blood pressure to normal is relatively small".
Goldblatt suggests "that one obvious surgical therapeutic procedure is the possible improvement of blood supply to the functioning components of the kidney by increasing the collateral circulation". Such an operation would be somewhat comparable to the attempts that have been made to improve the blood supply to the heart muscle. He thinks there is probably more justification on an experimental basis for attempting such an operation than there has been for some of the surgical procedures that have already been practiced.
In completing our surgical observations we must not forget that just recently cases have been reported of unilateral kidney disease with hypertension in which the hypertension has subsided after the surgical removal of the diseased kidney (/<?, 16, 44, j6) . Together with an occasional example of adrenal tumor apparently responsible for paroxsymal hypertension it at least calls attention to the clinical necessity of studying the kidneys and the kidney regions very carefully even in what are considered ordinary instances of hypertension.
Certainly one of the strangest and most unscientific remarks that constantly recurs in all the literature dealing with the surgical treatment of hypertension is that "in so many cases although the level of blood pressure has not been influenced the patients have been improved". This means that headache, dizziness, fatigue and other symptoms have disappeared or are not so prominent but everybody who has had any experience with hypertension knows that the same thing can be accomplished with placebos.
Quite aside from this, some remarkable results have been reported in the apparent abolishment of hypertension and improvement of ophthalmoscopic findings. Similar things do happen however without surgery. The whole subject is a most difficult one to evaluate and I think the burden of proof is on the surgeons to show that patients operated upon live longer, suffer fewer complications, and above all lead happier and more efficient lives than those not operated upon. This will take prolonged observation of a large series of patients.
PSYCHIC FACTORS IN HYPERTENSION
It is generally admitted that psychic factors play an important part in essential hypertension. Thus it is always emphasized that we must allow for the emotional element in the individual blood pressure reading and it is also well known that rest and reassurance play a large part in the medical management of hypertension patients both in relief of symptoms and in reduction of the blood pressure level. The early symptoms of hypertension are often psychoneurotic and the relation of emotional stress to the onset of hypertension and to aggravation of blood pressure are well known. So far as cause is concerned, however, the pre-vailing view is probably as expressed by Fishberg (40) , "in all probability, emotional and mental strains play purely an accessory r61e in the genesis of essential hypertension, serving to precipitate or aggravate the increase in blood pressure in those individuals who have the inherited constitutional predisposition". . . .
But a more fundamental role has been suggested by many authors. One of the first was Moschcowitz (84) who described a certain type of person, conforming to certain physical and psychic complexes, in whom hypertension is very likely to occur. Ayman (6, 7) observed symptomatic improvement as a result of simple suggestion in 82 per cent of patients with early essential hypertension and holds that the early symptoms associated with the disease are of psychic origin. Dissatisfied with the indefinite methods of reporting studies he insists that all studies reporting attempts at therapy in essential hypertension should present the following facts in the individual case: 1) age, sex and known duration of the hypertension; 2) the number of years of recorded hypertension; 3) observations of the fundi, heart and kidneys; 4) the length of the immediate control period and the frequency of visits during it; 5) dosage of the drug, length of time it was given and frequency of visits; 6) length of time and how frequently the patient was followed after stopping the drug; 7) the method of taking the blood pressures, and 8) the average blood pressure during the control period, during therapy and during the post-treatment period. It seems only by such presentation that the results of any clinical study of this baffling therapeutic problem permit scientific evaluation.
Palmer (87, 88) has also been impressed by the factor of mental stress in essential hypertension and the efficacy of medical treatment. He feels that careful and thorough medical treatment of essential hypertension results in a substantial fall in the systolic blood pressure in half of the mild and moderate cases and one-third of the severe cases. Symptomatic relief is obtained in 90 per cent of the mild cases, 75 per cent of the moderate cases and 46 per cent of the severe cases.
Robinson (p<5) reports a case of hypertension with an almost sudden disappearance of symptoms when the patient was relieved of emotional strain but without any change in the elevated blood pressure. Even shortness of breath on effort, which was thought to be due to the organic condition, disappeared suggesting that dyspnea was of psychogenic origin. He calls attentjpn to the value of looking for psychic influences in the production of symptoms even when there may seem to be a satisfactory explanation for them in the existing organic disease.
Buck (75) reports on "the class method in the treatment of essential hypertension" from Pratt's Clinic where they depend upon the giving of testimony by older members of the class, explanation of the pathological physiology of the hypertension and the fact that the symptoms of early hypertension are psychic in origin. He states "some of our patients have shown no striking change in the level of their blood pressures, but in two-thirds of those who have made three or more visits to the class a fall in pressure of from 18-46 mm. of mercury has been observed". He goes on to say "our aim is not, however, primarily to reduce blood pressure, it is rather to aid these patients to obtain an optimal level of well being. The approach is frankly largely psychologic".
When we inquire into the usual medical management, however, we find that rest and reassurance are the factors that are stressed. But a patient cannot be reassured about his condition if his attention is constantly focused on his blood pressure and he certainly c"inot rest if he is preoccupied with ideas of a stroke, heart failure and kidney disease. A recent summary by Stewart {w8) emphasizes the psychological approach. Even though Stewart's psychotherapy may be criticized as superficial he is to be commended for his efforts to treat the patient rather than the blood pressure. In common with the generally unfortunate attitude of medicine toward psychiatry it is stated that "it is harmful to send such patients to psychiatrists because of the implications of psychiatric care."
More adequate studies of the emotional lives of patients with hypertension have been published by Dunbar (jj>) and Wolfe (//p).
They call attention to the increased tension and sometimes spasm of voluntary or smooth muscles or both that may be alleviated as unconscious conflicts become conscious. They feel that this tension is part of the whole defense mechanism, psychologically and physiologically a general attitude of being on guard. Often its significance is elaborated in terms of accompanying disturbance of tonus in other systems, especially in the gastrointestinal and the genito-urinary tract. They find that the hostile impulses against which the patient is on guard are usually relatively near the surface and accessible to treatment. As these impulses emerge to consciousness there is usually a rise in the blood pressure curve followed by a drop to a lower level as the material is worked through. There are usually transitory psychoneurotic manifestations of a phobic or compulsive nature in the course of such treatment. Dunbar, in addition to the studies just mentioned, as well as others (34, SS) , has dealt with the subject in detail in her comprehensive book on Emotions and Bodily Changes (36) in which among the many studies reported considerable attention is given to the opinions of Fahrenkamp whose psychophysical studies on hypertension are noteworthy. Fahrenkamp (39) feels that psychic factors play a decisive role in regard to the blood pressure level in all stages of the disorder and therefore that in all hypertensive patients the major emphasis should be on the treatment of the psychic element. However, it is impressive that this psychologically-minded physician does not accept the existence of a functional hypertension of purely psychogenic origin, since he has 1 never seen a patient who completely lost his hypertension. In other words, in his experience the tendency of the circulatory system to pathological reaction remains demonstrable.
Elsewhere in this symposium psychoanalytical studies of hypertensive patients are reported so that I shall not refer in detail to these matters even though they represent the most fundamental studies along psychological lines that we have had so far. Psychoanalytic observations (2, 66, 80, 81) on hypertension patients show the necessity for a more adequate approach to their study than "are you worried about anything" and a more adequate treatment than "go home and take it easy". This kind of superficial psychotherapy, if it may be termed that, is in line with the kind of medical management that has been given to the unfortunate sufferer from essential hypertension in the past.
What has been done in an effort to reduce the blood pressure? Because of an ill-founded idea that protein was responsible for hypertension and kidney disease the patient was denied meat and eggs, and especially red meat, which for some reason was looked upon with particular dread. His diet was rendered even more unpalatable by the withdrawal of salt. Sympathy would doubtless have been extended to this half-starved fellow except that he probably was not able to eat anyway, his teeth.having been extracted on the theory that focal infection had something to do with hypertension. Even before this he had sacrificed his tonsils and had had his sinuses punctured because of the same theory. In case some food had been consumed, the slight colonic residue was promptly washed out by numerous colonic irrigations, especially during the period when the theory of auto-intoxication was enjoying a wave of popularity. To add to his unhappiness he was often told to stop work and exercise. Of course, he was denied alcohol and tobacco as well as coffee and tea, and as a climax to the difficulties of this unfortunate person, he may now fall into the clutches of the neurosurgeon, who is prepared to separate him from his sympathetic nervous system. This kind of an approach has grown out of our pernicious emphasis on "bringing the blood pressure down" to the exclusion of the much more fundamental understanding of the individual (115). It is freely admitted that the height of the blood pressure is one of the best indices to the condition and prognosis of the patient with essential hypertension but to put all of our attention on the matter of bringing this blood pressure down is to do the patient incalculable harm. I say this whether or not psychic factors are fundamental in hypertension.
We must redefine our objectives in the treatment of hypertension. The consideration of pathogenesis must impress us with the necessity for the total evaluation of the patient with hypertension. This will represent a combined physical and psychological study. When we do such a study we will realize that many symptoms occurring in hypertension are of emotional rather than physical origin and that incapacity is often out of proportion to the disease (//<5). Hence the importance in a great many patients of reeducation along the lines of "carrying on" rather than urging rest and more rest. Menninger (80) champions this idea on the basis that self-directed aggression may be turned outward by the authority of the physician and that extroversion of the aggression if not too strenuous may be of advantage to the patient. I have repeatedly proved this to my own satisfaction in patients who have been invalided by the knowledge of blood pressure rather than by the physical effects of hypertension.
The knowledge that "every psychic tendency seeks adequate bodily expression" (2) gives a practical hint in dealing with hypertension patients. Even though it may be questioned scientifically, an explanation to the effect that inner tension which cannot be released through ordinary channels may manifest itself in the circulatory system by hypertension, represents a rational approach as far as the patient is concerned; and often leads to a discussion of problems which are of considerable concern and importance from the standpoint of the illness.
To advise the individual involved in mental conflict not to worry is absurd especially when, as is so often the case, no concerted effort is made to find out what is disturbing him. Too often the physician is satisfied that there are no problems disturbing the patient after he has inquired, "Are you worried about anything?" and has received a negative reply. Most of the time the patient really does not know just how much he is disturbed nor does he relate the factors actually responsible for his discontent. He is much more apt to project his worries into questions about his blood pressure, heart, brain, and kid-neys. Careful inquiry will bring out that his fears are exaggerated and that the reasons he assigns for them are illogical. There is only one approach that has any merit, that is, to encourage the patient to talk about himself as a person rather than as a medical case. This will permit some insight into conflict situations and lead often to some relief of anxiety, which is closely related to the high blood pressure. Although this approach does not offer a complete solution of the hypertensive problem and does not even apply to all patients, it is a practical method of dealing with a set of important factors that may be modified, whereas the constitution of the individual cannot be touched. It is an approach heretofore not sufficiently practiced. We are too much concerned with physical measurements in hypertension -the blood pressure figures, the percentage of renal function, the size of the heart, the electrocardiographic tracing, the amount of retinal sclerosis -all of which are essential in the study of the hypertensive person but give incomplete information from the standpoint of the total evaluation of the patient. They should represent the beginning and not the end of study. We are too little concerned with the emotional life, which may hold the key to the satisfactory management of the hypertensive patient.
